(NA) and hemolysis (HL), which are located in its envelope. Besides, a single stranded RNA located in the virus core6) could also be studied.
In the present work we performed experiments on the inactivation of various functions as well as on the induced changes in electrophoretic properties of virus components after vacuum-uv irradiation. As the source of vacuum-uv radiation we used 163-nm monochromatic radiation from a bromine discharge lamp2' 3) and the broad band synchrotron radiation (> 115 nm) from the electron storage ring''`.
MATERIALS AND METHODS
Virus. The Z-strain of Sendai virus grown in the allantoic sac of 10-day-old embryonated eggs was used throughout this study. The viruses were pelleted from the allantoic fluid harvested at 72 hr by centrifugation at 43,000 x g for 30 min with a Hitachi RP 30 rotor after removal of debris by centrifugation at 5,000 x g for 15 min'). By repeating the same procedures viruses were purified for the use of experiments.
Irradiation.
Purified viruses, resuspended in 0.01 M phosphate buffer, were irradiated either in dry state or in suspension. For dry irradiation, viruses were dried on Millipore filter (pore size, 0.05 µm) with the density of 320 HA units virions per sheet.
For 163-nm irradiation a bromine discharge lamp was directed on the surface of the virus-loaded Millipore filter positioned in an irradiation chamber, the space between the lamp window and the sample being evacuated. For wet irradi ation the lamp was immersed into a virus suspension contained in the irradiation chamber. The irradiation chamber used in the present experiments has been described in the previous paper. The fluence of 163-nm radiation was expressed in exposure time. The fluence rate was estimated as 4.8 W/m2 under a given condition of operation.
Synchrotron radiation (SR) source was the electron storage ring operated at 0.3 GeV installed at the Synchrotron Radiation Laboratory, University of Tokyo. The spectrum, the fluence rate and other characteristics have been described'. The fluence (exposure dose) was expressed as a product of mA (electron current in the storage ring) and exposure time. The ring current is theoretically propor tional to the luminosity of synchrotron radiation. The experiments with syn chrotron radiation was performed only in dry state for the technical reason. The irradiation chamber has been described previously').
Far-uv irradiation was performed both in dry state and in suspension using a low pressure mercury lamp (National, GL-15, 15W) at 20 cm sample source distance. The fluence rate was 14.4 W/m2 .
In fectivity titration.
Plaque assay method by Sugita9) was used for the titration of infectivity.
Assay of biological activities.
Hemagglutinating (HA), neuraminidase (NA) and hemolytic (HL) activities were measured according to the methods described previously").
Protein determination.
The quantity of proteins was determined by Lowry's method") using bovine serum albumin as a standard.
SDS polyacrylamide gel electrophoresis.
Analyses of viral polypeptides were carried out by a system of slab polyacrylamide gel electrophoresis (Toyo Scien tific Industry Co., Osaka). High resolution slab polyacrylamide gel electrophoresis (PAGE) was performed according to the method of Austeins2) and Laemnle13). Briefly, samples dissolved in phosphate buffered saline containing 1% sodium dedecylsulfate (SDS), 1% 2-mercaptoethanol and 3% sucrose were heated at 100°C for 3 min. The 10% gels were prepared between two glass plates with a separation of 1-mm and subjected to electrophoresis for 16 hr at a constant current of 4.5 mA. After soaked for 10 min in 20% ethanol and 7% glacial acetic acid, the gel was stained for 2 hr with 0.2% coomassie brilliant blue in the mixture of 20% ethanol and 7% glacial acetic acid. The gels were finally dried under vacuum on a hot plate. Fig. 2 . In parallel to the above-mentioned results, the patterns indicate no change in viral proteins by far-uv irradiation in the two cases over the whole range of the fluences tested. It seems that viral nucleic acids, not protein components, were the major site of damage by far-uv radiation. Fig. 3 shows the effects of 163-nm vacuum-uv radiation on the functions of Sendai virus in dry state and in suspensions. HA, NA and HL activities showed a slow decrease in comparison with a much sharper decrease of infectivity. This tendency was the same in dry state and in suspensions. However, the exposure time to give similar inactivation was ten times more in the case of suspension. Comparisons with superimposed 7-ray data (in preparation)
indicate that, while in dry irradiation the overall feature of 163 nm radiation effects is more or less similar to that of y-ray effects, in wet irradiation the difference is quite remarkable. Much less inactivation of HA, NA and HL functions was observed in vacuum-uv irradiated viruses than those of y-irradiated ones in reference to the infectivity (Fig. 3 B) .
Patterns of PAGE for polypeptides of 163-nm irradiated viruses are shown in Fig. 4 . All polypeptide bands diminished (in quantity) as increasing the ex posure time. This change seems more prominent when irradiated under dry condi tions (Fig. 4 A) . The accompanying y-ray patterns show similar features in the case of dry irradiation. However, in the case of wet irradiation, although the PAGE patterns are generally similar, a subtle difference between the two radia tions could be noted with respect to the relative quantity of HN, M and P bands. On reference to the NP band which was relatively stable to both types of radia tions, M and P bands diminished distinctly in 163-nm irradiation (compare No. 4 or 5 with No. 7 in Fig. 4 B) . It can also be noted that HN and F bands showed appreciable difference in y -irradiation from 163-nm irradiation. In particular two weak bands appeared in -y -irradiation in place of the F band as indicated by arrow in Fig. 4 B. Fig. 5 shows the effects of synchrotron radiation on the functions of Sendai virus under dry conditions. Irradiation in suspensions was technically not possible. For HA, NA and HL activities the inactivation was small and the general features were similar to those of the 163-nm irradiated viruses (Fig. 3) . Patterns of PAGE for polypeptides showed no appreciable change in the fluence range tested (Fig.  6) . 
DISCUSSION
In late fifties, Setlow et al. attempted to get action spectra of enzyme in activation") and, recently, Bergerl s) has measured inactivation of 0x174 DNA in vacuum-uv range, the related research motives seem to be discouraged by the lack of a suitable radiation source. Our present attempt was to explore possible direc tions of research on vacuum-uv effects. The present results on the effects of vacuum-uv radiation on Sendai virus can be discussed from the following two aspects.
Vacuum-uv effects on the functions of virus components in dry state and in suspension. As can be seen in the results of Fig. 3 , the inactivation patterns by vacuum-uv (163-nm) were closely related to those by y-rays in dry irradiation but significantly different from those by -y-rays in wet irradiation . For synchro tron vacuum-uv a similar pattern was found as far as the dry irradiation was (Fig. 5) . In contrast, far-uv (254 nm) radiation only affected the infectivity (Fig. 1) . Therefore, far-uv radiation is distinctly different from both vacuum-uv radiation and 'y-rays in its mode of action. It is interesting to note that direct absorption of photon energy in 'Y-ray and vacuum-uv regions (dry irradiation) produces a similar set of patterns in the fluence-survival curves on various virus activities (Fig. 3 A) . This seems to be interpreted based on rather uniform absorption of both types of radiations by virus components, in contrast to the very selective absorption of far-uv photons by the nucleic acid component. The results of irradiation in suspension deserve some comments. As has been known, the major effects of -f -ray in aqueous system are derived from the products of water radiolysis, H, OH and e , while 163 nm vacuum-uv effects may be initiated by H' and OW2). Among these active agents, however, OH has been thought to be most important in many biological effects. Thus the problem remains unsolved how a significant difference between y-rays and 163-nm radiation would occur in the inactivation patterns under wet irradia tion condition. The PAGE patterns, as discussed below, also indicate the differ ence between the two radiation effects in polypeptide components of the viruses (see below).
Vacuum-uv effects on SDS electrophoresis behaviors of the virus components. It is quite understandable that far-uv caused no changes, either in dry state or in wet state, in the PAGE behaviors of various polypeptides, since inactivation data showed a clear indication that the damage occurred only in the infectivity. These results seem to establish that the major target of far-uv radiation for Sendai virus is indeed nucleic acid. The fact that the PAGE pattern of vacuum-uv (163 nm) effects in dry irradiation was quite similar to that of -Y -rays conforms also with the similar types of survival curves of infectivity and other activities.
It is of special interest that, probably corresponding to the somewhat differ ent sets of survival curves for various activities with 163-nm radiation from those of y-rays in wet irradiation (Fig. 3 B) , the PAGE patterns showed some differ ences between the two radiations. The matrix proteins (M) and transcriptase (P) were damaged more severely in 163-nm irradiation than in -y-irradiation (Fig. 4 B) . Interestingly, the PAGE bands for hemagglutination (HA) and neuraminidase (NA), these activities being located in the so-called HANA (HN) spikes on the virus surface, were more susceptible to y-irradiation than to 163-nm irradiation. The PAGE band of F spike where hemolytic activity (HL) resides appeared in splitted form in y-irradiation (arrow in Fig. 4 B) , while it remains single, although thinner, in 163-nm irradiation. The F spikes are also one of the surface structures. Thus, on the reference to the nucleoproteins (NP) band which remains relatively stable for both types of radiations, the matrix proteins (M) and the transcriptase (P) were two main components which underwent characteristic change in vacuum-uv irradiation in suspension.
